Background {#Sec1}
==========

Mandibular fractures (MFs) are the second, most-frequent facial injuries that account for 15.5--59% of all facial fractures \[[@CR1]\]. The miniplate osteosynthesis that provides stable fixation contributing to bone alignment and healing was first introduced by Michelet in 1973 and further developed by Champy in 1975 \[[@CR2]\]. It is considered as a standard surgical treatment of MFs \[[@CR3]\]. However, debates on the stability of this single-miniplate fixation for the repair of the angle fractures remain and two plates in symphyseal or parasymphyseal region have been implied to counter increase the torsional forces \[[@CR4]\]. A century ago, an aluminum-made quadrangular plate with bone screws at the lower border of the mandible was recommended by Lambotte and considered being superior to wiring osteosynthesis for the management of MFs \[[@CR5]\]. However, due to the lower biocompatibility of the material and the preference of closed reduction, this method has not been widely applied. Thereafter, various plating approaches intraoral or extraoral have been reported to stable internal fixation \[[@CR6]\], and the common treatment for MFs is the standard Champy miniplate fixation \[[@CR7]\]. Recently, the 3-dimensional (3D) miniplate, which consists of several holes miniplates interconnected by vertical cross struts, has been introduced into the treatment of MFs \[[@CR8]\]. Characterized by the geometrically stable configuration, 3D plating system allows the easy adaptation of plate to bone without distortion, which contributes to meeting the requirements of semirigid fixation with lesser complications \[[@CR9]\].

Although a spectrum of studies has compared the efficiency of the 3D miniplate and the standard miniplate in the management of MFs \[[@CR8]--[@CR10]\], the optimum treatment was not defined due to different study designs, small sample sizes, and other factors. More recently, a review has been conducted by Al-Moraissi et al. to test whether there is a significant difference in the clinical outcomes between standard and 3D miniplate fixation in the management of mandibular angle fractures (MAFs) \[[@CR11]\]. However, their meta-analysis only included 3 randomized controlled trials (RCTs) and 3 retrospective studies publishing in 2012--2013, and contained a relatively small sample size \[[@CR11]\]. Besides, they also clarified the necessity of further investigation to reliably evaluate the postoperative complication rates between these two techniques without the isolation of MAF. Therefore, we retrieved the electronic databases up to August, 2015 and consequently included a set of 9 RCTs and 4 controlled clinical trials (CCTs), which were published in 2010--2015, in this meta-analysis to further compare the efficiency of these two miniplate fixations on postoperative complication rates in the management of MFs, attempting to provide a more reliable conclusion and determine the optimal strategy.

Methods {#Sec2}
=======

As the paper did not involve any human or animal, the ethical approval was not required.

Data source and search strategy {#Sec3}
-------------------------------

We retrieved the studies in several electronic databases including PubMed, Embase, Springer Link, and the Cochrane Library from their inception to August, 24th, 2015, with the key searching terms of "conventional" OR "champy" OR "champys" OR "standard" OR "linea oblique" AND "3-dimensional" OR "3D" OR "3-D" OR "strut" OR "grid") AND "mandibular" OR "jaw." A manual bibliographic search was also conducted to select additionally eligible studies. No language restriction was considered.

Study selection {#Sec4}
---------------

Two investigators independently reviewed the studies based on the following criteria and determined the eligibility of all the identified studies in the preliminary search. The inclusion criteria were as follows: (1) the participants in the studies were patients with MFs; (2) the 3D miniplate fixation was designed as experimental group, while the standard miniplate fixation was as control group; and (3) one of the following outcomes were included in the study: infection, malocclusion, hardware failure, nonunion/malunion, paresthesia, and wound dehiscence. On the contrary, studies were excluded if (1) data in the study were incomplete; (2) the measurement of bone mineral density in the study was inconsistent with the inclusion criteria; and (3) the study was a review, letter, comment, or case report.

Data extraction and quality assessment {#Sec5}
--------------------------------------

The required data for the eligible studies were independently abstracted by two investigators using a predefined form, which contained the following information: name of first author, year of publication, regions of the population, age and gender composition of patients, sample sizes, and study outcomes. The disagreement was resolved through a discussion involving a third investigator.

Quality assessment of the included studies was performed by the Cochrane Collaboration's tools \[[@CR12]\], which are used for assessing quality and risk of bias and involve seven items including random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. This rigorous evaluation system makes the assessment more objective and comprehensive.

Statistical analysis {#Sec6}
--------------------

Relative risk (RR) with its corresponding 95% confidence interval (CI) was selected as a measure of the pooled effect size of the treatment outcomes. Heterogeneity among studies was evaluated by using Cochran-based *Q* test and *I* ^2^ statistic \[[@CR12]\]. If substantial heterogeneity was presented (*P* \< 0.05, *I* ^2^ \> 50%), the random effects model was selected to calculate the pooled effect size; otherwise, the fixed effects model was implemented when there lacked pronounced heterogeneity (*P* ≥ 0.05, *I* ^2^ ≤ 50%) \[[@CR13]\]. Publication bias was measured by using a funnel plot. Subgroup analyses according to different fracture locations and different sites of 3D miniplate were considered. All the above statistical analysis was conducted using Review Manager 5.2 software (Cochrane Collaboration, <http://ims.cochrane.org/revman>).

Results {#Sec7}
=======

Literature search {#Sec8}
-----------------

Based on the aforementioned search strategy, a total of 1392 studies were identified from preliminary search, including 510 from PubMed, 375 from Embase, 486 from Springer Link, and 21 from the Cochrane Library. After excluding the duplicate publications and removing the irrelevant articles via title browsing and abstract reading, the remaining 30 studies were put through full-text reading. Subsequently, another 17 articles were eliminated (8 reviewers, 2 case reports, 2 letters, and 5 studies that did not mention the curative effect comparison between 3D miniplate and standard miniplate). No additional articles were included using manual search strategy. Consequently, a set of 13 studies \[[@CR8]--[@CR10], [@CR14]--[@CR23]\] were included for this meta-analysis. The detailed procedure of study selection is presented in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Flow chart of study selection

Study characteristics {#Sec9}
---------------------

There were 9 RCTs \[[@CR9], [@CR10], [@CR14]--[@CR20]\] and 4 CCTs (3 retrospective studies \[[@CR21]--[@CR23]\] and 1 prospective study \[[@CR8]\]) in this meta-analysis, consisting of 593 participants (339 in 3D miniplate group and 254 in standard miniplate group). The characteristics of the 13 included studies are summarized in Table [1](#Tab1){ref-type="table"}. It indicated that they were published from 2010 to 2015, and the studies were conducted in the regions such as India (8 studies), American (3 studies), Germany (1 study), and Yemen (1 study). Moreover, the majority of the participants were males and there was not a significant difference between genders. In addition, the common most type of MFs was MAF, and others were symphysis, parasymphysis, condyle, ramus, and body. Major size of the 3D miniplate was 4 or 6 holes, and the else were 8 or 10 holes.Table 1Characteristics of studies included in the meta-analysisStudyYearCountryN (3D/Standard)DesignInfectionMalocclusionHardware failureNonunion/malunionWound dehiscenceParesthesiaLocation (anterior, symphysis, parasymphysis)The size of the steel plateAl-Moraissi2015Yemen20 (10/10)RCT1/0NR0/10/00/10/0Mandibular angle fracture8 holeAgarwal2014India80 (40/40)RCT2/0NR0/0NRNR0/0Symphysis, ParasymphysisNASehgal2014India30 (15/15)RCT0/06/9NR0/0NRNRCondyle, Symphysis, Parasymphysis, Body, Angle4 holeSadhwani2013India28 (14/14)RCT0/10/2NR0/0NR0/0Symphysis, Parasymphysis, Angle4 hole, 6 holeVineeth.2013India20 (10/10)RCT0/22/50/1NRNR2/1Mandibular angle fracture4 hole, 6 hole, 8 holeXue2013USA11 (5/6)RCT0/0NR0/10/00/0NRMandibular angle fracture10 holeMalhotra2012India20 (10/10)RCT1/21/3NR0/0NRNRSymphysis, Parasymphysis, body, Angle\
angle region indicated4 holeSingh2012India50 (25/25)RCT2/3NR1/0NRNR4/5Symphysis, Parasymphysis, Angle6 holeJain2010India40 (20/20)RCT2/0NRNRNR0/0NRSymphysis, Parasymphysis, Body, Angle4 hole, 6 hole, 8 holeBarde2014India40 (20/20)PCS2/31/4NRNR0/31/1Mandibular anterior fractures4 holeMoore2013USA104 (72/32)RCS2/0NR2/63/11/0NRMandibular angle fracture8 holeGuy, W. M.2013USA90 (68/22)RCS3/22/21/13/04/21/1Parasymphysis, Body, Angle, Ramus, Condyle, Coronoid processNAHofer2012Germany60 (30/30)RCS0/3NR0/20/00/3NRMandibular angle fracture6 hole*M* male, *F* female, *RCT* randomized controlled trial, *PCS* prospective controlled study, *RCS* retrospective controlled study, *NR* not reported

Risk of various bias and quality of studies {#Sec10}
-------------------------------------------

The quality assessment of the included studies is shown in Fig. [2](#Fig2){ref-type="fig"}. For most RCTs did not explicitly elucidate the randomized methods or mention the blinding and allocation concealment, the risk of selection bias, performance bias, and detection bias were relatively high. On the contrary, the risk of attrition bias, reporting bias, and other bias were relatively low. In summary, the overall bias risk was medium, and the quality of the 9 RCTs was considered as moderate. On the other hand, due to the high risk of performance bias and detection bias, quality of the 4 CCTs was deemed as low.Fig. 2Assessment of the risk of bias for the included studies. **a** Methodological quality graph: authors' judgment about each methodological quality item presented as percentages across all included studies; **b** methodological quality summary: authors' judgment about each methodological quality item for each included study. +: low risk of bias; "?": unclear risk of bias; "−": high risk of bias

Comparison of outcomes between standard miniplate and 3D miniplate in the management of MFs {#Sec11}
-------------------------------------------------------------------------------------------

As a result, no significant heterogeneity among studies was presented (*I* ^2^ = 0%, *P* \> 0.05) for evaluation of all the outcomes; thus, the fixed effects model was applied to calculate the pooled RRs (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Forest plots of the effect comparisons between standard miniplate and 3-dimensional (3D) miniplate. **a** Infection; **b** malocclusion; **c** hardware failure; **d** nonunion/malunion; **e** wound dehiscence; **f** paresthesia. *Squares* represent the study-specific relative risk (RR) estimates, and the size of square reflects the study-specific weight. *Horizontal lines* represent 95% confidence interval (CI). The *diamond* represents the summary RRs with corresponding 95% CI

All the 13 studies reported the outcome of infection, and the overall RR for 3D miniplate vs standard miniplate was 0.77 (95% CI 0.41--1.45, *P* = 0.42, Fig. [3](#Fig3){ref-type="fig"}a), suggesting a comparable effect between the two miniplates.

The malocclusions were examined in 12 studies, and 3D miniplate achieved a significantly lower incidence of malocclusion (RR 0.43, 95% CI 0.24--0.77, *P* = 0.004, Fig. [3](#Fig3){ref-type="fig"}b) than the standard miniplate.

Additionally, 3D miniplate pronouncedly decreased the effect of hardware failure from the pooled results of 7 studies (RR 0.31, 95% CI 0.13--0.74, *P* = 0.008, Fig. [3](#Fig3){ref-type="fig"}c).

Nine studies reported the outcomes of nonunion/malunion and the combined result indicated that 3D miniplate achieved a lower incidence of this outcome (RR 0.86, 95% CI 0.24--3.17, *P* = 0.82, Fig. [3](#Fig3){ref-type="fig"}d), however, without significant difference.

The wound dehiscence was involved in 6 studies. Likewise, incidence of this outcome was lower with the treatment of 3D miniplate than with the standard miniplate (RR 0.36, 95% CI 0.13--1.03, *P* = 0.06, Fig. [3](#Fig3){ref-type="fig"}e), however, without statistical significance.

Seven studies determined the outcome of paresthesia, and no pronounced differences were observed between the two miniplates (RR 0.88, 95% CI 0.36--2.16, *P* = 0.78, Fig. [3](#Fig3){ref-type="fig"}f).

Notably, for the two outcomes of infection and malocclusion, we combined the results of all the RCTs and found that the newly pooled results were consistent with the overall analysis (infection: RR 1.00, 95% CI 0.44--2.28, *P* = 1.00; malocclusion: RR 0.49, 95% CI 0.26--0.91, *P* = 0.02).

Subgroup analysis results {#Sec12}
-------------------------

When stratified by different fracture regions, MAF and others, the results of most outcomes were the same with the overall results, except malocclusion (Table [2](#Tab2){ref-type="table"}). Unexpected, in MAF subgroup, the reduced effect of 3D miniplate on malocclusion was not significant, compared with the standard miniplate (RR 0.40, 95% CI 0.10--1.60, *P* = 0.20), whereas in other fracture regions 3D also had a reduced effect (RR 0.44, 95% CI 0.23--0.83, *P* = 0.01). Results in terms of wound dehiscence were similar to the overall result, either in the MAF subgroup or the other regions subgroup. With regard to the hardware failure, in MAF subgroup, 3D miniplate achieved a significantly lower outcome than the standard (RR 0.22, 95% CI 0.07--0.63, *P* = 0.005), while in the subgroup of other regions, there were no significant differences.Table 2Subgroup analysis stratified by different locations and different steel plate sitesIndicatorGroupSample sizeTest of associationModelTest of heterogeneity^a,b^CasesControlRR (95% CI)*ZP* valueChi^2^*P* value*I* ^2^ (%)Fracture regions InfectionAngle127880.56 \[0.17, 1.89\]0.930.35Fixed3.280.358Other2121660.88 \[0.42, 1.84\]0.330.74Fixed3.890.690 MalocclusionAngle55560.40 \[0.10, 1.60\]1.300.20--------Other2121660.44 \[0.23, 0.83\]2.530.01Fixed1.910.750 Hardware failureAngle127880.22 \[0.07, 0.63\]2.820.005Fixed0.530.970Other133870.99 \[0.16, 5.99\]0.010.99Fixed1.120.2911 Nonunion/malunionAngle117781.33 \[0.14, 12.33\]0.250.80--------Other117710.65 \[0.13, 3.30\]0.520.60-------- Wound dehiscenceOther108620.38 \[0.09, 1.49\]1.390.16Fixed0.850.360Other108620.38 \[0.09, 1.49\]1.390.16Fixed0.850.360 ParesthesiaAngle20202.00 \[0.21, 18.69\]0.610.54--------Other1671210.73 \[0.27, 1.99\]0.610.54Fixed0.420.810The size of the steel plate Infection4 or 6 hole1141140.46 \[0.18, 1.16\]1.640.10Fixed1.030.910Other2251401.30 \[0.53, 3.21\]0.570.57Fixed4.810.440 Malocclusion4 or 6 hole1141140.46 \[0.23, 0.90\]2.260.02Fixed1.680.640Other1351080.37 \[0.12, 1.14\]1.740.08Fixed0.030.860 Hardware failure4 or 6 hole55550.67 \[0.11, 3.89\]0.450.65Fixed1.490.2233Other2051200.23 \[0.08, 0.66\]2.750.006Fixed0.600.960 Nonunion/malunion4 or 6 hole3939--------------Other1951100.86 \[0.24, 3.17\]0.220.82Fixed0.270.610 Wound dehiscence4 or 6 hole50500.14 \[0.02, 1.12\]1.850.06Fixed0.001.000Other175900.65 \[0.18, 2.36\]0.650.51Fixed0.390.820 Paresthesia4 or 6 hole59590.83 \[0.28, 2.48\]0.330.74Fixed0.020.880Other128820.99 \[0.21, 4.79\]0.010.99Fixed1.030.312*RCT* randomized controlled trial, *PCS* prospective controlled study, *RCS* retrospective controlled study^a^Random effects model was used when the *P* value for heterogeneity test \<0.05, otherwise the fixed effects model was used^b^ *P* value \<0.05 is considered statistically significant for Q statistics

When stratified by different 3D miniplate sizes, 4 or 6 holes and others, results on almost all the outcomes were not significantly different except malocclusion and hardware failure. In 4 or 6 hole subgroup, 3D had a significantly reduced malocclusion than the standard miniplate (RR 0.46, 95% CI 0.23--0.90, *P* = 0.02). In other size subgroup (8 or 10 holes), 3D significantly decreased the hardware failure compared with the standard miniplate (RR 0.23, 95% CI 0.08--0.66, *P* = 0.006).

Publication bias {#Sec13}
----------------

The publication bias for the outcome of infection, which was involved in 13 studies, was estimated. As revealed in the funnel plot (Fig. [4](#Fig4){ref-type="fig"}), the obvious asymmetry was not observed, indicating the absence of publication bias in this meta-analysis.Fig. 4Funnel plot for publication bias test of the comparison between standard miniplate and 3D miniplate in infection

Discussion {#Sec14}
==========

This meta-analysis included a set of 13 studies to evaluate the efficiency of the standard miniplate and 3D miniplate on the treatment of MFs. As a result, we found that 3D miniplate significantly decreased the incidence of malocclusion and hardware failure, compared with the standard miniplate. However, there did not detect any pronounced difference between these two treatments with regard to the outcomes of infection, nonunion, and paresthesia. Although 3D miniplate attained a dramatic decrease on wound dehiscence compared with the standard, no significant differences were observed (*P* = 0.06). Moreover, the pooled results of all the RCTs also exhibited a lower malocclusion incidence than the standard treatment. Subgroup analysis indicated that when stratified by different fracture regions, results on almost all the outcomes were the same as the overall results, except the malocclusion; when stratified by different 3D miniplate sizes, in other size subgroup (8 holes or 10 holes), 3D significantly decreased the hardware failure compared with the standard.

For the management of MFs, the failure to achieve a stable condition in the right anatomical position that enables the undisturbed healing could result in malocclusion, infection or nonunion \[[@CR14]\]. The 3D miniplate has the advantage of the simultaneous stabilization of the tension and compression zones \[[@CR11]\], which might contribute to the lower incidence of postoperative complications and the good clinical results \[[@CR24]\].

The outcome of malocclusion is evaluated by several studies comparing different miniplates for MFs. However, most of the studies find that there is not any pronounced difference between the two miniplates for MAFs \[[@CR11], [@CR25], [@CR26]\], or that the incidence of malocclusion is not detected with both of the two miniplates \[[@CR20]\]. While in the present meta-analysis, all the studies concerning the malocclusion \[[@CR8], [@CR14], [@CR17]--[@CR19], [@CR22]\] showed a relatively lower incidence with the 3D miniplate than with the standard miniplate. Moreover, the combined results indicated that 3D miniplate significantly decreased the incidence of malocclusion (RR 0.43, 95% CI 0.24--0.77, *P* = 0.004), compared with the standard miniplate. Notably, the combined results of the 9 RCTs indicated that 3D miniplate pronouncedly reduced the incidence of malocclusion, comparing with the standard miniplate. These collectively favored the advantage of 3D miniplate in the management of MFs. Unexpectedly, in the MAF subgroup, although 3D had a reduced effect on malocclusion compared with the standard, the difference was not significant. The plausible reason is that MAF is accounting for 30% of all the MFs, and any additional fracture may cause the instability at the fracture site, which may consequently impair the bone healing and be prone to malocclusion \[[@CR11], [@CR25]\]. In addition, in our study, the above studies that concerned malocclusion in our meta-analysis were not MAF, while most studies in the MAF subgroup did not evaluate the malocclusion outcome, which might reasonably explained the undesirable result without significance.

It has been indicated that the infection rate of patients with angle fractures using 3D miniplate was as low as 9% \[[@CR27]\] or 8.2% \[[@CR28]\]. Nevertheless, different results of the comparison between 3D miniplate and the standard miniplate on the incidence of infection were presented. Several studies observed that the infection rate of 3D miniplate was relatively lower than the standard \[[@CR9], [@CR23]\], while others indicated a comparable efficiency between these two techniques \[[@CR10], [@CR16]\], which might be due to the excessive implant material \[[@CR16]\]. Notably, the pooled results in this meta-analysis exhibited a 23% induction of the incidence of infection rate using 3D miniplate, compared to the standard method, though without significant difference.

Hardware failure is a significant complication of MFs \[[@CR6]\]. Although 3D miniplate was testified stable for the treatment of simple MAFs with low complication rates \[[@CR29]\], its hardware-related advantages over the conventional miniplates were only emphasized by a small handful of studies \[[@CR30], [@CR31]\]. Due to the limited samples, hardware failure is not detected in several cases, therefore, several studies discover that there are no significant differences between 3D and the standard miniplates for the management of MFs \[[@CR20], [@CR26]\]. However, a meta-analysis favors the use of 3D miniplate for it could pronouncedly decrease the incidence of hardware failure, when compared to the standard miniplate for the treatment of MAFs (RR 0.18, 95% CI 0.05--0.6, *P* = 0.005) \[[@CR11]\]. In accordance with this study, we found that the incidence of hardware failure, based on the overall result or the MAF subgroup result, was markedly lower using the 3D miniplate than the standard. Notably, when stratified by different 3D miniplate sizes, it was found in other size (8 holes or 10 holes) subgroup, the hardware failure was significantly decreased applying 3D than standard. These collectively supported the superiority of 3D miniplate. Moreover, based on the subgroup analysis by size, it might be inferred that large size of the 3D miniplate with more holes could contribute to the successful treatment.

According to the Champy technique, the standard miniplate needs to be placed on the external oblique line, which leads to the proximity to incision, whereas the 3D miniplate could easily avoid this situation as it is covered by the masseter along the buccal cortex, well away from the incision \[[@CR15], [@CR21]\], and this might be the reason for differences between the two miniplates in the incidence of wound dehiscence. The pooled results integrating 6 studies in this meta-analysis indicated a dramatic reduction (64%) in the incidence of wound dehiscence using 3D miniplate than the standard, however, without significant difference (*P* = 0.07), which might be due to the small sample size.

The displacement of the segments is the major cause that leads to sensory abnormalities. Thus, paresthesia might be detected in all the miniplates after surgery \[[@CR11]\]. For most studies that did not detect significant differences between these two miniplates, the pooled results based on 7 studies in the present meta-analysis revealed a minor decrease in the incidence of paresthesia, without significant difference. Moreover, in either of the subgroups stratified by different fracture regions, the results were the same.

Although the study favored the 3D miniplate in the management of MFs and there lacked pronounced heterogeneity, several limitations should be discussed. Although more RCTs and CCTs were included in the present meta-analysis, the sample sizes remained small. Besides, the quality of the CCTs was considered as low for most of them did not mention the blind design. Moreover, several outcomes such as nonunion/malunion, malocclusion, and wound dehiscence need to be further assessed because the incidences of these factors were not detected in most studies. Therefore, more high-quality RCTs with larger sample sizes were required to provide more precise assessment. In addition, 3D miniplate is much more complicated, leads to larger incisions, and has a much higher cost than the standard miniplate. There are a multitude of fractures types among MFs (such as condylar neck fractures, angle fractures, or parasymphyseal fractures); thus, the fracture type being more suitable with 3D miniplate should be deeply explored.

In conclusion, our meta-analysis suggests that 3D miniplate is superior to the standard miniplate on the reduction of postoperative complication rates in the management of MFs. The size of 3D miniplate with more holes (8 or 10) might contribute to the successful treatment. However, more high-quality RCTs are warranted to confirm these findings, and the MF subtype being more suitable with 3D miniplate should be deeply explored.
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